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Outline

This talk will be focused on recent measurements of
Standard Model (SM) Higgs boson production at
CMS based on LHC Run 2 dataset

H-vyy, H>ZZ(4l)

— PAS-HIG-16-040, PAS-HIG-17-015, PAS-HIG-16-041
H->tt

— PAS-HIG-16-043

ttH production measured in multilepton final states
— PAS-HIG-17-003, PAS-HIG-17-004

tHq production

— PAS-HIG-17-005

Boosted inclusive H->bb
— PAS-HIG-17-010



The CMS experiment @ LHC

. . HCAL: Brass and scintillator Trigger
The Compact Muon Solenoid.: lFoniand quartz L1: hardware w/ output 100
general purpose detector \ kHz
- W — HLT: farm of pc’s, O(102)

Hz output

Muon System:
DT, CSC, RPC

Extensive
forward
calorimetry

Superconducting < .
coil

Weight: 14000 t
Overal diameter: 15 m
Overall length: 21.6 m N 3
Magnetic field: 3.8 T



LHC impressive performance!

CMS Integrated Luminosity, pp
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The results presented in this talk
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validated for physics analysis in CMS
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SM Higgs production and decay at LHC
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SM Higgs production and decay at LHC
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bb: challenging @ LHC due to
overwhelming QCD background

- Traditional approach: study
production modes with characteristic
signatures, e.g. VH

- Novel approach: boosted inclusive
H->bb analysis (new CMS result
reported in this talk)

ZZ and yy: clean signature and
narrow mass resolution (1-2%):
Higgs discovery channels in Run1




Run1 production measurements summary
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H->yy channel

PAS HIG-16-040 J

Clean signature: two isolated, high E; gamma;
narrow peak (1-2% resolution) in m,, over
decreasing background

Mass resolution dominated by ECAL energy resolution
(crucial is correct assignment of the di-photon vertex)

Photon energy and uncertainty estimated
event-by-event with multivariate
regression technique

Main backgrounds:
prompt yy production (irreducible)
v+jet and jet-jet

Multivariate discriminators used for photon
identification and event classification
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H-vyy: event classification

Events classification in exclusive categories targeting different production mechanisms and
according to mass resolution and predicted S/B
» selection optimized for each category

CMS Preliminary H—>yy 35.9fb" (13 TeV)
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H-vyy results

Signal strenght by production modes Best fit of fermionic and bosonic
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H-vyy fiducial cross section measurement
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Fiducial volume defined to match closely the experimental acceptance

[ PAS HIG-17-015

Integral and differential
measurements performed

Integral cross section best fit
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H-vyy fiducial cross section measurement

Differential measurements important to minimize dependency of
measurement on model of Higgs boson kinematics

Investigate possible deviations from the SM prediction

Differential measurements in bins of py7 and N,
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H->ZZ(4l) channel ;

4/ channel (=4u, 4e, 2e2u)

Signature: two pairs of isolated, high p+
leptons of opposite sign and originating
from the primary vtx; one Z boson can be
off-mass shell

High lepton efficiency through a broad p+
range is crucial

Dominant backgrounds:
* non resonant ZZ (irreducible)
« Z+jets processes

Selected events are classified into
mutually exclusive categories targeting
different production modes

Purity of categories enhanced using
kinematic discriminants (matrix element
calculation)

[ PAS HIG-16-041
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H>ZZ(4l) results

Simultaneous likelihood fit of (m,, D*",, ) distribution to all categories

Higgs boson decay

Dk, . - kinematic discriminant exploiting
variables fully describing the kinematics of

Best-fit to signal strenghts
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H->ZZ fiducial cross section measurement

Fiducial volume defined to match closely the experimental acceptance

Integral and differential

Integral cross section measurement in Run1 and Run2 measurements performed
5.1fb" (7 TeV), 19.7 fb” (8 TeV), 35.9 fb (13 TeV)
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H->ZZ fiducial cross section measurement

doy /dp_(H) [fo/GeV]
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H->tt channel

Channels considered: 1,7, et,, ut, eu

Main backgrounds: DY->tt/ll (irreducible), W+jets

)

PAS HIG-16-043

[ c—

For each channel, further splitting of events in mutually
exclusive categories by counting jets with p; >30 GeV

» 0-jet (targeting ggH)

« VBF

» Boosted (targeting ggH with H recoiling against jet)

Selection criteria optimized
for each channel

distributions for each
category
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H-tt results

Observed significance @ 125GeV =4.90
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ttH production channel

» Direct probe of top Yukava coupling (complementary to indirect probe in channels with
top loop)
* Cross section enhanced by ~ 4 when going from 8 TeV to 13 TeV center of mass energy

Several final states considered:

«  H->yy, H->ZZ(4l): higher purity, smaller BR (results reported in previous slides)

* H->bb: largest BR but also large background (no evidence of ttH from analysis on fraction of
2016 data, result is systematics limited)

» Multilepton final states: targeting H->WW, ZZ, Tt where at least 1 top decays leptonically

Dedicated analysis in
CMS to study final
states with at least 17,

5]

@
PAS HIG-17-003
PAS HIG-17-004 L
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ttH (multilepton)

Events classified in independent categories defined according to multiplicity, flavours and sum
of charge of leptons, multiplicity of jets and b-jets, multiplicity of t,

« same-sign 2I, 3l, 41

s 1/+2v,, same-sign 2[+1v,, 3l+1t,

Background: ttZ, ttW (irreducible), processes with 1 non-prompt lepton (e.g. from b-jets in ttbar
process) or misidentified charge lepton, or misidentified <,

Use of multivariate-analysis techniques (BDT, MEM) to enhance sensitivity

» For each event category, classifier are defined to discriminate against tt and ttV events

Main systematics from
background estimation:

- itV modeled using

SM prediction (~ 10%
uncertainty)

- Misidentified leptons or T,
from data with (~ 30%
uncertainty)

2| same-sign
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Events

Data/pred.

ttH multilepton results

Signal extracted by fit to classifiers Multilepton: best-fit for o/c
for all the categories S
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Combined (2015 data) [42] 0.6(—1.1) (+1.4)
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tHq production

Q)

PAS HIG-17-005

Destructive interference from dominant leading order diagram

Sensitive to relative sign of top coupling w.r.t.
vector boson coupling
New physics could enhance signal rate

Multilepton final states targeting leptonic decay CMS Preliminary 35.9 fb' (13 TeV)
of top + H->WW (ZZ) (t) 180T

. . B tH
Event categories : 2| same-sign, 3l w
itz
......... Ewz
P :I tZ, W*'W°, mi. AT
] Conversions
| Fakes
1 Charge flips

BDT discriminants in all categories to separate signal e BB
from ttV and tt backgrounds s

Events/Bin
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Selected events are sorted in 10 bins distributions according
to the output of the BDT classifiers

Data/Pred.
n
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BDT bin

Combined fit to all categories for signal extraction




tHQq results

Best fit of common signal strenght for tH and ttH signals

(0705t gi= 1.8 £ 0.3 (stat.) £ 0.6 (syst.)

CMS rpreliminary 35.9fb~" (13 TeV)

—— Observed limit (o x BR) |

41 pp—tH+tH ---  Expected limit (o x BR)

H__) WW/ ZZ/ U +1 standard dev.
125 Kk o=k ° +2 standard dev.
2 F P ole%, x BR (ky = 1.0)

R og‘:"' x BR (ky = 1.0)

. ol x BR (ky = 1.0)

1.0 +

ox BR [pb]

K,t/K,v

x; values (kx,,=1) outside [-1.25, 1.60]
range excluded @95% C.L.

Significance of SM signal @ 2.7 o-level
w.r.t. background-only hypothesis
(1.5 o expected)

oxBR <0.56 pb @ 95% CL
in SM scenario

(x; =-1, x,=1) scenario:
oxBR <0.64 pb @ 95% CL
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Boosted inclusive H(>bb)

0]

PAS HIG-17-010

S 2

Inclusive search of H>bb decays exploiting production of high p; Higgs bOSOIL’I in

association with high p; jet

Higgs boson decay products reconstructed as single jet
|[dentification based on 2-prong jet substructure and dedicated

b-tagging

Search for as a resonance in jet mass distribution
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Boosted inclusive H(>bb) results

Z->bb background extracted together with signal

Best fit for Z»>bb and H->bb signal strenghts
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Conclusions

After discovery of Higgs boson in LHC Run 1 a broad program of studies
exploiting variety of production and decay channels aiming to measure
its properties
— Is the behavious compatible with SM Higgs boson? Any deviation (hint of
New Physics)?

In this talk we have reviewed recent production measurements based on
2016 dataset of LHC Run 2 @ 13 TeV

— Higher center of mass energy and large dataset
* Increased precision, improved measurement strategies
* New channels investigated in order to study coupling of Higgs boson to SM particles

— Fiducial and differential measurements to provide model independent
measurements and search for deviation from SM predictions

Current measurements are compatible with predictions for a SM Higgs
boson but most of the measurements still statistically limited

Increased data samples @ 13 TeV we expect from 2017-18 run will allow
more stringent studies
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H->ZZ(4l) fiducial volume definition

Requirements for the H — 4/ fiducial phase space

Lepton kinematics and isolation

Leading lepton pt pr > 20 GeV
Next-to-leading lepton pr pr > 10 GeV
Additional electrons (muons) p pr > 7(5) GeV
Pseudorapidity of electrons (muons) 7| <2.5(2.4)
Sum of scalar p of all stable particles within AR < 0.3 from lepton < 0.35- pr

Event topology
Existence of at least two same-flavor OS lepton pairs, where leptons satisfy criteria above
Inv. mass of the Z; candidate 40GeV < mz, <120GeV
Inv. mass of the Z; candidate 12GeV < my, <120GeV
Distance between selected four leptons AR(£;,£;) > 0.02 forany i # j
Inv. mass of any opposite sign lepton pair Mg > 4GeV
Inv. mass of the selected four leptons 105 GeV < myp < 140 GeV
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